We present VLT/SINFONI near-infrared (NIR) integral field spectroscopy of six z ∼ 0.2 Lyman break galaxy "analogs" (LBAs), from which we detect H I, He I, and [Fe II] recombination lines, and multiple H 2 ro-vibrational lines in emission. Paα kinematics reveal high velocity dispersions and low rotational velocities relative to random motions ( V rot /σ = 1.2±0.8). Matched-aperture comparisons of Hβ, Hα, and Paα reveal that the nebular color excesses are lower relative to the continuum color excesses than is the case for typical local star-forming systems. We compare observed He I/H I recombination line ratios to photoionization models to gauge the effective temperatures (T eff ) of massive ionizing stars, finding the properties of at least one LBA are consistent with extra heating from an active galactic nucleus (AGN) and/or an overabundance of massive stars. We use H 2 1-0 S(·) ro-vibrational spectra to determine rotational excitation temperature T ex ∼ 2000 K for warm molecular gas, which we attribute to UV heating in dense photon-dominated regions. Spatially resolved NIR line ratios favor excitation by massive, young stars, rather than supernovae or AGN feedback. Our results suggest that the local analogs of Lyman break galaxies are primarily subject to strong feedback from recent star formation, with evidence for AGN and outflows in some cases.
INTRODUCTION
Lyman break galaxies (LBGs; Steidel et al. 1996) are among the brightest and best-studied systems at high (z ≥ 3) redshift. Efficient selection of LBGs has unveiled a wealth of information about the cosmic star formation rate (SFR) history (Madau & Dickinson 2014) and imposed constraints on reionization (e.g., Atek et al. 2015) . Despite this recent progress, a number of the interstellar medium (ISM) properties of LBGs remain poorly understood, as their small angular sizes (see, e.g., Grazian et al. 2011 ) and generally faint dust emission (e.g., Capak et al. 2015) are impediments to detailed study except in the rare cases of strongly lensed systems (e.g., Baker et al. 2004; Coppin et al. 2007) or exceptionally massive, resolved systems (e.g., Magdis et al. 2012) . In particular, little is known from long-wavelength observations about the physical processes that drive evolution in LBGs.
For high-z galaxies, stellar mass is assembled through in-situ star formation and accretion/merger activ- Scoville et al. 2017) . Interactions between galaxies can lead to enhanced star formation, an effect compounded by generally higher gas mass fractions and shorter free-fall times earlier in the Universe (e.g., McKee & Ostriker 2007; Krumholz 2014; Utomo et al. 2018; Krumholz et al. 2018) . The same gravitational instabilities that promote star formation can lead to an active galactic nucleus (AGN). Both AGN feedback (driven by accretion onto the supermassive black hole) and star formation feedback (supernovae or stellar winds) can inject energy into and shock-heat the ISM gas (see, e.g., Heckman & Best 2014; Thompson et al. 2016; Li et al. 2017; Richings & Faucher-Giguère 2018) . For high-redshift samples, Lyman and Balmer lines are shifted into optical and near-infrared (NIR) wavelengths, enabling the characterization of the ionized gas phase of their ISMs. Observations of these lines have revealed strong outflows, mergers, and gas disks supported by rotation or turbulence/dispersion (Steidel et al. 1996; Shapley et al. 2003; Förster Schreiber et al. 2009; Wisnioski et al. 2015; Wilson et al. 2018) . Other phases of high-z galaxies' ISMs are not as well arXiv:1911.07854v1 [astro-ph.GA] 18 Nov 2019 understood, although recent instrumentation advances at millimeter wavelengths have allowed for more sensitive probes of the cool atomic and molecular gas in high-z systems (e.g., Carilli & Walter 2013; Genzel et al. 2015; Scoville et al. 2016) . Warm, potentially post-shock molecular gas in LBGs has never been detected owing to the cosmological redshifting of the relevant spectral lines from rest-frame NIR to mid-infrared wavelengths. Warm H 2 has been studied in detail for low-z galaxy samples, but the lack of such data at high redshifts hinders our comprehension of how feedback processes affect different phases of the ISM at earlier epochs.
These limitations have prevented us from fully understanding the sources of ionization and excitation in the ISMs of high-redshift galaxies. Studies of star-forming LBGs imply that massive star binaries may contribute more ionizing emission at higher redshifts (see, e.g., Basu-Zych et al. 2013a; Steidel et al. 2016) . However, LBGs produce only modest amounts of energetic radiation through star formation in their disks (Shapley et al. 2003) , unlike the extreme merger-driven starbursts at z ≈ 2 (Rodighiero et al. 2011) . AGN are also known to be significant contributors to the total cosmic ionizing photon budget at z ∼ 2 − 4 (e.g., Stevans et al. 2018) . Simulations indicate that high-z systems can grow via cold gas flows (Kereš et al. 2005 (Kereš et al. , 2009 Dekel et al. 2009 ), although accretion and merger-triggered shocks may also be important for understanding mass assembly in galaxies (Birnboim & Dekel 2003) . The nature of gas accretion and self-regulating feedback in distant galaxies can help explain the origins of their clumpy, high-pressure ISMs (e.g., Puech 2010; Mandelker et al. 2014; Fisher et al. 2017; Zanella et al. 2019) .
The existence of analog populations in the local Universe gives us the opportunity to study rest-frame UVselected galaxies in far greater detail than is generally possible at high redshift. Previous works have identified low-z systems that resemble high-z galaxies in various regards,e.g., galaxies with clumpy morphologies (Fisher et al. 2017) or high equivalent width Lyα emission (Östlin et al. 2014) ). Green pea galaxies (Cardamone et al. 2009 ) and other systems selected on the basis of high nebular excitation (e.g., Bian et al. 2016 ) exhibit high ionization parameter and electron density similar to those of distant star-forming galaxies, although their low masses (log(M /M ) ∼ 9) can hinder comparisons with the LBG population.
From the Sloan Digital Sky Survey (SDSS) and Galaxy Evolution Explorer (GALEX ) All-Sky Imaging Survey, Heckman et al. (2005) have identified a sample of z < 0.3 LBG analogs (LBGs) with unusually high FUV luminosities (log(L FUV /L ) > 10.3) and high FUV surface brightnesses. This sample was later refined to include only the most "supercompact" UV-luminous galaxies with log(I FUV /L kpc −2 ) > 9 (Hoopes et al. 2007 ). Overzier et al. (2009) report follow-up observations of the supercompact LBA subsample with Hubble Space Telescope (HST ) UV and optical imaging, revealing clumpy star formation and evidence for frequent mergers/interactions. Although morphological signatures of mergers are absent from the majority of high-z LBGs, suggesting that rapid gas accretion must be fueling their high SFRs, Gonçalves et al. (2010) and Overzier et al. (2010) show that LBAs lose their asymmetric mergerlike features when artificially redshifted to z ∼ 2 − 4. Simulations of gas-rich mergers also reveal that interacting galaxies can masquerade as regularly rotating disks (with high velocity dispersions) when observed at lower spatial resolutions (Hung et al. 2016) . Without rest-UV observations sensitive to low surface brightnesses, it is difficult to conclude solely via morphology whether LBGs predominantly grow through merging activity or gas accretion. However, resolved kinematics and studies of feedback from integral field spectroscopy can provide additional constraints on their evolution. Gonçalves et al. (2010) investigate the Paα (ionized gas) dynamics for a sample of 19 supercompact LBAs by using Keck/OSIRIS observations with adaptive optics (AO). Their high angular resolution (∼ 0.1 ) allows them to probe kinematics on ∼ 200 pc scales without artificially smearing velocity structure over a large beam, but may also cause them to miss faint extended emission. Velocity dispersions are very high, indicating that LBAs are dynamically young systems characterized by strong starbursts and merger activity. By simulating observations of these LBAs at z = 2.2, the authors find strong morphological resemblances to high-redshift LBGs, and show that they can resolve complex kinematic structures that would otherwise be smoothed out at lower physical resolutions.
Low-z LBAs resemble the LBG population in many other ways; the populations have similar UV-optical colors, dust extinctions, metallicities, SFRs, physical halflight radii, and emission-line velocity widths. Basu-Zych et al. (2007) investigate the radio continuum properties of supercompact UV-selected LBAs using Very Large Array (VLA) observations, finding that they are characterized by low dust attenuations and a depressed radio to UV ratio. Using CO(1 − 0) spectral line observations from the Combined Array for Research in Millimeterwave Astronomy (CARMA), Gonçalves et al. (2014) find that LBAs adhere to the low-redshift KennicuttSchmidt (Kennicutt 1998 ) law and consume their gas on short (0.1 − 1 Gyr) timescales, while harboring large Note-Ancillary data from Heckman et al. (2005) and Overzier et al. (2009) . Columns are (1) object IDs, (2) Right Ascension, (3) Declination, (4) spectroscopic redshift, (5) stellar mass, (6) nebular-phase metallicity, (7) SFR from Hα and 24 µm flux, and (8) specific SFR ≡ SFR/M * . The median SFR for our sample is 28 M yr −1 , and the median sSFR is 1.2 Gyr −1 .
(0.2 − 0.6) gas mass fractions. Contursi et al. (2017) use Herschel PACS and IRAM Plateau de Bure Interferometer (PdBI) observations to provide additional evidence that physical conditions in the ISMs of LBAs are more similar to those of high-redshift sources than local starforming galaxies.
We have selected for follow-up six LBAs drawn from the original Heckman et al. (2005) sample, of which four satisfy the Hoopes et al. (2007) supercompact definition (and thus also have HST imaging available). These six LBAs had been targeted for earlier, long-wavelength follow-up observations on the basis of their rest-UV luminosities and colors (or equivalently, attenuations), which predicted that their far-IR luminosities would be among the highest in the parent sample (e.g., Meurer et al. 1999) , and indeed all but one 1 yielded (low-S/N) detections when IRAS 60 µm scans were reprocessed using the SCANPI tool (Alexov et al. 2009 ). Contursi et al. (2017) later confirmed their high dust-obscured SFRs using Herschel observations. We have obtained VLT/SINFONI integral field spectroscopy at NIR wavelengths for all six targets, providing spatially resolved views of hydrogen and helium recombination in addition to H 2 ro-vibrational lines. In Table 1 , we list some of our sample's properties while the new observations and data reduction are described in Section 2.
This work aims to explore some of the rest-frame NIR properties of LBGs and their analogs that are difficult or impossible to determine at higher redshifts. In Section 3, we assess ionized gas dynamics using the bright Paα line. In Section 4, we use multi-component nebular lines to characterize the global dust attenuations and ef-
fective temperatures of star-forming clumps in the ISM. Additionally, we report results on the warm molecular ISM phase for the first time in LBAs. In Section 5, we compare the cool and warm molecular gas phases of the ISMs of LBAs, and in Section 6, we investigate spatially resolved differences in line flux ratios. In Section 7, we discuss similarities and differences between LBGs and their low-z analogs, and we summarize our conclusions in Section 8. Throughout the paper, we assume a concordance ΛCDM cosmology (H 0 = 70 km s Mpc −1 , Ω M = 0.3, and Ω Λ = 0.7), such that 1 corresponds to a projected distance of 3.3 kpc at z = 0.2. All magnitudes are Vega-relative. We used SINFONI (Eisenhauer et al. 2003; Bonnet et al. 2004) in its seeing-limited mode, with a 0.25 pixel −1 image scale delivering an 8 × 8 field of view. (Most of our targets were sufficiently compact to lie well within this field of view; for J2116, which comprises a pair of objects, our pointing center lay closer to J2116a, with the result that J2116b ended up falling partly outside the field.) For the redshifts of our sample, observing the Paα line required observations in K band. Each observation began with the acquisition of a bright (11.8 ≤ K ≤ 15.4), nearby star, which was also used as a PSF reference, before the telescope was slewed to the science target. Using the SINFONI_ifs_obs_GenericOffset observing template, we then proceeded to take six 600 s exposures switched between object (O) and sky (S) po-sitions in an O-S-O-O-S-O sequence; offsets to sky positions were ∼ 20 arcsec, and additional sub-arcsecond dithers between exposures were introduced to facilitate data processing. The choice of a 600 s exposure time was motivated by our interest in enabling reliable background subtraction while remaining in the backgroundlimited regime for K band. LBAs J0212, J0213, and J2104 were observed once apiece, i.e., giving 2400 s onsource; J0150 and J2116 were observed twice apiece, giving 4800 s on-source; and J1434 was observed 1.5 times, giving 3600 s on-source. Weather conditions during the observations were generally good, with clear skies and K-band seeing of 0.8 or better.
Data reduction
Data reduction was completed with the custom software package SPRED (Abuter et al. 2006) . SPRED performs the typical data reduction steps for NIR spectra with additional routines necessary to reconstruct the data cube. The final pixel scale is 0.125 for all data cubes. We measure the PSF by fitting an elliptical Gaussian to the PSF reference source, which has been averaged over all channels. The PSF is typically characterized by FWHM ∼ 0.5 − 0.7 for our observations. In addition, the residuals from night sky emission lines are minimized using the methods outlined in Davies (2007) through careful wavelength registration and background subtraction, which exploits the sky frames interspersed with on-source exposures. Telluric correction and flux calibration were performed using A-and B-type stars, with flux calibration estimated to be accurate to within 10%.
IONIZED GAS KINEMATICS
We investigate ionized gas kinematics for our sample of seven resolved LBAs. We produce moment maps of the Paα integrated flux, rotation velocity (V rot ), and velocity dispersion (σ) for each system (Figure 1) . We also use a disk modeling program to measure ordered rotation and velocity dispersions, and find general agreement with the moment map analysis. Velocity dispersions are high, σ ≈ 50 − 110 km s −1 , and ordered rotation-todispersion velocity ratios are in line with similar LBA samples in the literature: v/σ ≈ 1.2 ± 0.8. LBA kinematic properties are summarized in Table 2 . In the subsections below, we describe our analyses and comparisons to previous results.
Moment maps
We generate moment maps from median-subtracted VLT/SINFONI spectral cubes centered on the Paα line. In the upper panels of Figure 1 , we show the integrated flux, velocity, and dispersion maps (ordered left to right). The 4 σ Paα surface brightness detection limit ranges between (0.8 − 2.5) × 10 −18 erg s
per pixel. We produce a separate set of clipped moment maps in which low signal-to-noise ratio (SNR) pixels are masked; 2 clipped moment maps are shown in the lower panels of Figure 1 .
Unclipped and clipped moment maps are characterized by several visual differences. The unclipped moment maps trace extended low-surface brightness emission in a few cases, but are generally noisier than their clipped counterparts. Clipped rotation velocity maps have smoother velocity fields, and dispersion maps are peaked towards the centers. In some cases, the clipped velocity maps may exclude bona fide low-SNR emission at extremal velocities, which can have the effect of diminishing the rotation velocity gradient.
We compute the ratio of ordered rotation velocity to velocity dispersion, V rot /σ, where V rot ≡ (v max −v min )/2 is half the range in the flux-weighted velocity field, 3 and σ is the Paα flux-weighted velocity dispersion averaged over all pixels. For ordinary star-forming galaxies, V rot /σ measures the degree of rotational support. Strong turbulent processes, such as the injection of energy from star formation or AGN feedback, will physically puff up galaxy disks and inflate σ. For interacting systems, V rot /σ can skew low because σ is elevated by disks with multiple inclinations or even counterrotation, relative to a single gas disk. Such galaxy interactions can also promote star formation and escalate feedback processes.
In Table 2 , we list each LBA and its ordered velocity, dispersion, and V rot /σ ratio. After applying an averaged inclination correction factor of 4/π ≈ 1.3 (see, e.g., the Appendix of Law et al. 2009 ), we measure clipped V rot = 160 ± 99 km s −1 and unclipped V rot = 145 ± 54 km s −1 . Our sample is characterized by high gas dispersions: clipped and unclipped dispersions are σ = 76 ± 45 km s −1 and 89 ± 42 km s −1 respectively, which greatly exceed the ∼ 5−15 km s −1 dispersions characteristic of low-z disk galaxies (Dib et al. 2006) . We find V rot /σ = 2.2±0.9 from clipped moment maps and 1.8 ± 0.7 from unclipped moment maps.
Disk modeling
Kinematics measured from moment maps may be unreliable due to beam smearing effects, which can arti-2 We estimate the rms noise, σrms by removing 3 σ outliers with a median absolute deviation (MAD) cut and taking a standard deviation for each channel; outliers are only removed for the purpose of estimating σrms. 3 vmax and v min are the maximum and minimum velocities in the first moment map, respectively. In each set of panels, we show VLT/SINFONI Paα integrated flux maps (left), velocity maps (center ), and dispersion maps (right), generated without (upper) and with (lower) clipping of pixels below 4 σ rms, chan . Unclipped velocity and dispersion maps have been masked at the 2 σ integrated flux level only for visualization purposes. The PSF is shown at the lower left as a black ellipse. ficially transform rotational kinematics into dispersive motions (see, e.g., Davies et al. 2011 ).
J0150 Pa unclipped
4 Merging galaxies can appear as disks, and any misidentified mergers could lead to an artificial increase in σ (e.g., Gonçalves et al. 2010; Hung et al. 2016) . These concerns are warranted in particular at higher redshifts, where the angular sizes of distant sources become comparable to the observational resolution. In such cases, it is often advantageous to use sophisticated models that can factor in the PSF and instrument's spectral broadening while constraining the disk's intrinsic kinematics (e.g., Cresci et al. 2009; Kassin et al. 2012; Newman et al. 2013; Genzel et al. 2014; Simons et al. 2015 Simons et al. , 2016 Simons et al. , 2017 Johnson et al. 2018) .
We use the GalPaK3D software (Bouché et al. 2015) to model the kinematics of our LBA Paα line emission directly from the SINFONI data cubes. GalPaK3D can account for seeing effects and instrumental line broadening, which allows us to extract not only kinematic quantities (V rot , σ, and velocity turnover radius), but also geometric and shape parameters (inclination, position angle, and half-light radius). We use the default exponential surface brightness model with an arctan rotation curve and thick disk (see, e.g., Binney & Tremaine 2008; Genzel et al. 2008 ).
We fit median-subtracted Paα cubes with kinematic models using default uniform priors. If the fits are poor or if the Markov Chain Monte Carlo (MCMC) routine does not converge after 4000 steps, we impose additional constraints, such as priors on the centroid positions or velocity ranges (inferred from moment maps) or masking out companion sources. We estimate the mean and standard deviation for V rot and σ using the final 700 steps of the converged MCMC chain. For a few LBAs in our sample, the derived half-light radii are comparable to the seeing (∼ 0.7 ), which may bias the inclinationdependent V rot high (Bouché et al. 2015) .
GalPaK3D model results for our sample are shown in Table 2 . Velocity dispersions range from about 50 − 110 km s −1 , which agree with inclination-corrected dispersions measured from moment maps. We find an unweighted average σ = 82 ± 23 km s −1 . Modeled kinematics also yield V rot /σ consistent with those from our previous analysis; V rot /σ = 1.2±0.8 confirms that, on average, the LBAs in our sample are only marginally supported by rotation.
Comparison to previous results
Our analysis builds on the results of Basu-Zych et al. (2009) and Gonçalves et al. (2010) , who have observed 19 LBAs with Keck/OSIRIS using adaptive optics (AO). Four members of our sample also belong to theirs, although we note that our selection criteria tend to favor systems with higher dust content and lower UV surface brightnesses, so the two samples' average properties differ slightly. Our SINFONI observations have coarser resolution (in addition to larger pixel scales and wider FOVs), and our integration times are generally longer (e.g., 2400 − 4800 s compared to 1500 − 2700 s for Gonçalves et al. 2010) . Our Paα detection thresholds correspond to 6 σ SFR surface densities of ∼ 0.01 M yr −1 (assuming Case B recombination and a Chabrier 2003 IMF; Kennicutt & Evans 2012) , nearly an order of magnitude deeper than the Gonçalves et al. (2010) AO-assisted observations. We find evidence for extended or clumpy low-surface brightness emission that is missing in the shallower observations (e.g., in J0150 and J2104). Since we are able to detect faint emission at larger radii and rotation velocities, we also measure higher V rot (while σ does not change; Basu-Zych et al. 2009; Gonçalves et al. 2010) .
Other works have explored the kinematic properties traced by ionized gas in high-z star-forming systems. The SINS survey targeted massive z ∼ 2 galaxies that are physically larger and have higher rotation velocities than typical LBGs/LBAs (V rot ∼ 150 − 300 km s −1 ; Cresci et al. 2009 ). Förster Schreiber et al. (2009) report V rot /σ ∼ 4.4 for the entire sample, and also note that approximately a third are dispersion-dominated (V rot /σ < 1). The KMOS 3D program (Wisnioski et al. 2015) , which surveyed a variety of 0.7 < z < 2.7 objects, also found mostly rotation-supported galaxies (e.g., V rot /σ ∼ 5 at z ∼ 1 and V rot /σ ∼ 3 at z ∼ 2). The MOSDEF survey of z ∼ 1 − 3 galaxies includes systems with diverse dust properties, SFRs, and masses ; these galaxies are characterized by median V rot /σ ∼ 2 (e.g., Price et al. 2016) . For galaxies at given stellar mass, velocity dispersions increase with redshift, a trend that is also consistent with the observed increase in SFR with σ (see also, e.g., Gonçalves et al. 2010; Green et al. 2014) .
Our sample of low-z LBAs have similar kinematic properties to z ∼ 2 MOSDEF systems at the same M and sSFR; however, high-z massive (log(M /M ) ∼ 11) galaxies tend to have more ordered velocity fields, suggestive of disk settling (e.g., Wisnioski et al. 2015; Price et al. 2019 ). LBAs also have properties similar to those of z ∼ 2 − 3 galaxies selected via a generalized Lymanbreak technique (e.g., morphologies, physical sizes, and stellar masses; Law et al. 2009 ). The authors find σ ∼ 60 − 100 km s −1 (similar to our sample), and low velocity-to-dispersion ratio (i.e., inclination corrected v/σ ∼ 0.3). However, the surface brightnesses probed by Law et al. (2009) are ∼ 30× shallower than in our observations, which may explain why their sample appears to lack the rotational kinematic support present in our sample of LBAs.
In summary, our conclusions are consistent with those of other LBA studies (i.e., Basu-Zych et al. 2009; Gonçalves et al. 2010 ). LBAs and z ∼ 2 samples of log(M /M ) ∼ 10.5 galaxies (e.g., Law et al. 2009; Price et al. 2016 ) have qualitatively similar kinematic properties, although higher-mass systems tend to be characterized by stronger rotational support (V rot /σ 3; Förster Schreiber et al. 2009; Wisnioski et al. 2015) . LBAs are marginally rotation dominated, similar to other galaxy samples found on the z ∼ 1 − 2 SFR−M sequence (e.g., Wisnioski et al. 2015; Contursi et al. 2017) , such that their kinematics and star formation properties truly resemble those of high-z systems.
THE MULTIPHASE ISM
The SINFONI IFU data reveal a wealth of information about multiple gas phases of the ISM, which we can use to understand physical processes that drive galaxy evolution. For each LBA, we extract a spectrum from a two-pixel radius aperture centered on the Paα emission peak. In these spectra, shown in Figure 2 , we find bright recombination line features, primarily from neutral hydrogen (H I) and neutral helium (He I). By measuring recombination line strengths and their ratios, we are able to infer properties of the ionized (H II) regions, such as the nebular dust attenuation and the effective temperature of young stars. We also detect molecular hydrogen ro-vibrational lines (H 2 1-0 S(·) series) in our spectra. H 2 ro-vibrational line ratios are indicators of the gas excitation temperature and provide unique insight into feedback processes in the ISMs of LBAs.
Dust attenuation
We model the effects of dust by assuming a uniform attenuating screen described by the Calzetti et al. (1994 Calzetti et al. ( , 2000 attenuation curve, k(λ). This empirical curve relates the observed attenuation to the color excess, e.g., in the optical V -band:
We characterize the color excess in nebular regions by using pairs of the brightest available hydrogen recombination lines (Hβ, Hα, and Paα).
We have obtained Hα and Hβ line fluxes by querying the SDSS DR14 SkyServer (Abolfathi et al. 2018) . Tremonti et al. (2004) and Brinchmann et al. (2004) describe the process by which these line fluxes are extracted from optical spectra over 3 SDSS fiber apertures. For all LBAs except J2116, which has no Hα flux available, we find E(B − V ) neb using the Balmer decrement (assuming the attenuation curve from Calzetti et al. 2000) . The average nebular color excess for our sample is E(B − V ) Hα+Hβ = 0.256 ± 0.041.
Our new SINFONI observations allow for additional estimates of the dust attenuation. Using Paα in the NIR data cubes along with Hα and Hβ lines enables robust The NIR spectra for our sample extracted from two-pixel radius apertures centered on the peak pixel of Paα integrated flux. The source spectrum is shown in blue, uncertainties are shown in gray, and the spectrum of the blank sky is shown in red.
estimation of the attenuation curve over a large range in wavelengths. We extract Paα over a 3 diameter aperture centered on the continuum emission, matching the SDSS spectroscopic fiber placement, and fit a single Gaussian component to each median-subtracted spectrum. Integrated flux uncertainties are estimated by taking the variance of 10,000 MCMC samples, excluding a burn-in of 10,000 steps. Using the Calzetti et al. (2000) attenuation curve and intrinsic line ratios from Hummer & Storey (1987) , we compute unweighted averages for the LBA sample: E(B − V ) Paα+Hβ = 0.316 ± 0.113 and E(B − V ) Paα+Hα = 0.349 ± 0.166. In Table 3 , we show E(B −V ) neb color excesses derived using these line ratios.
We find that there is some variation in nebular color excesses computed using different pairs of recombination lines, although the statistical significance is low due to large uncertainties.
5 The average nebular color excesses are related as E(B −V ) Hα+Hβ < E(B −V ) Paα+Hβ < E(B − V ) Paα+Hα , which is in line with expectations given that bluer photons are likely emitted from shallower regions in the case of a mixture of dust, gas, and stars. Paα + Hβ-based attenuation spans the largest wavelength range and thereby offers the most sensitivity to differential attenuation. Since Paα and Hβ lines are well-measured for all six LBAs, we use E(B − V ) neb estimated from Paα + Hβ to correct VLT/SINFONI nebular emission for dust attenuation. This correction, using E(B−V ) Paα+Hβ = 0.32±0.11, is relatively small (but consistent with nebular color excesses from other LBG samples). For our sample, we find that correction for attenuation increases the NIR nebular line fluxes by 12 − 25%. The dust corrections do not strongly impact line ratios; for example, the ratio of He I 1869/Brδ is only increased by 2%.
The continuum attenuation at 1530 Å, A 1530 , has been inferred from stellar population synthesis model fits to SDSS and GALEX photometry (see Salim et al. 2005 for details). Such a measurement depends most strongly on near-and far-UV observations, from which a UV slope can be derived (commonly parameterized by β; see, e.g., Meurer et al. 1999; Reddy et al. 2015; Salmon et al. 2016 Overzier et al. 2011) . Individual uncertainties are not provided for model parameters, but the total scatter in A 1530 is about 30% (i.e., about 0.6 for our level of attenuation; Salim et al. 2005) . Although some of this scatter is likely due to intrinsic scatter in a diverse sample of galaxies, we include an uncertainty of 0.5 in A 1530 . The far-UV attenuation can be converted to a continuum color excess, E(B − V ) cont , assuming an attenuation curve similar to the one used for nebular regions (with normalization R V = 4.05; Calzetti et al. 2000) . In Table 3 , we show E(B − V ) cont derived from A 1530 under these assumptions. 5 We have reported unweighted averages for E(B − V ) neb thus far, because one source with unusually low uncertainties would otherwise dominate the average. Inclusion of J0212 in the weighted average would bias the sample E(B − V ) neb in an unrepresentative manner: 0.24 ± 0.04, 0.26 ± 0.09, and 0.24 ± 0.11 for Hα + Hβ, Paα + Hβ, and Paα + Hα respectively. When J0212 is excluded, the weighted average nebular excesses are 0.27 ± 0.02, 0.32 ± 0.03, and 0.35 ± 0.04 respectively.
We find that the ratio of UV continuum to nebular color excess is
where in this case we show the nebular color excess derived from Hα and Hβ lines. We can also compute (3) using weighted averages of the color excess ratios. In Table 3 , we show the continuum-to-nebular color excess ratio, hereafter defined as f , computed using Paα and Hβ for all six LBAs.
It is unsurprising that nebular light is more reddened than continuum light, as we have found here, because the ionized gas traces massive OB stars that tend to be embedded in high-attenuation birth clouds, while the continuum light originates from less massive stars that may have outlived or dissipated their birth clouds (see, e.g., Charlot & Fall 2000) . Simple models account for this effect by requiring two components of dust, one that is diffusely spread out across the entire ISM, and one that only heavily reddens or obscures the star-forming nebular regions. If the two dust components are wellmixed throughout the galaxy, or at least in the regions traced by UV and emission lines, then the nebular and continuum color excesses should be equal to one another (e.g., Calzetti 2001) . Further considerations such as complex geometries or morphological line-of-sight effects can be added to this model, but the overall intuition remains the same (see, e.g., Wild et al. 2011; Kriek & Conroy 2013; Price et al. 2014) .
For low-redshift, typical star-forming spirals, the ratio of continuum-to-nebular color excess is f = 0.44 (Calzetti et al. 2000) . At higher redshifts, f ranges from about one-half (e.g., Wuyts et al. 2013; Price et al. 2014 ) to near unity (e.g., Kashino et al. 2013; Reddy et al. 2015) . The Calzetti et al. (2000) -like low values of f can be physically interpreted using the previously mentioned two-component dust model, where the attenuated UV emission is not co-spatial with dustier nebular regions. Systems for which f is higher may host a more homogeneous mixture of star-forming clouds and older stars, such that both UV-bright and ionizing stars are effectively attenuated by the same dust screen.
For our sample of LBAs, we find that f Hα+Hβ > f Paα+Hβ > f Paα+Hα (although uncertainties are large). This ordering of color excess ratios is expected because the color excess derived using longer-wavelength lines (i.e., Paα) is probing deeper into attenuated regions, whereas the shorter-wavelength Balmer lines can only probe shallower surfaces of star-forming clouds. A V measured using Paα is nearly an order of magnitude larger than for Hβ. At the optical depths probed by Hα emission, the ionizing stars are nearly as obscured as the non-ionizing stars that dominate the UV emission, based on the measured f Hα+Hβ ∼ 0.8. At the greater optical depths probed by Paα, the more embedded ionizing stars are more highly obscured than the non-ionizing populations, as evidenced from the more Calzetti-like f Paα+Hα ∼ 0.5.
Other studies of LBAs (see, e.g., Basu-Zych et al. 2007 ) have found that Balmer decrement-derived line attenuations are low (i.e., A V,neb ∼ 1), but that continuum-based attenuation is comparable to that seen in typical low-z star-forming galaxies. Implied nebular excess ratios are therefore high, and comparable to our measurement of f Hα+Hβ ∼ 0.8. These previous findings are consistent with the interpretation that LBA stellar populations traced by Balmer lines are still fully embedded in their birth clouds. However, we show that UVbright regions are not well-mixed with nebular regions traced at NIR wavelengths.
At higher redshifts, there is evidence that galaxies are forming stars at higher rates, and also undergo mergers more frequently. Both high-z LBGs and our sample of LBAs exhibit high velocity dispersions, which may be a consequence of ongoing star formation. The combination of recent merger and star-formation activity could then explain a high degree of mixing between dusty clouds hosting ionizing stars and the more diffuse dust associated with populations of less massive stars (e.g., Reddy et al. 2015; Pannella et al. 2015; Puglisi et al. 2016) . Intense winds and strong ionizing flux associated with compact starbursting regions can also lower the covering fraction of neutral gas in their dusty ISMs (e.g., Borthakur et al. 2014; Reddy et al. 2016b) Not all high-redshift studies have found evidence for highly mixed populations of ionizing and non-ionizing stars. Theios et al. (2018) report f Hα+Hβ ∼ 0.75 using SED fits to the continuum color excess (as do Steidel et al. 2016) , although the authors note that the ratio falls to ∼ 1/3 when the SMC attenuation curve is applied (as described in Gordon et al. 2003; Reddy et al. 2016a ) instead of the Calzetti et al. (2000) curve. The SMC curve is steeper at shorter wavelengths, and appears to better match the canonical conversion factor of f = 0.44, particularly for lower-mass systems. The higher-mass SINS sample (Förster Schreiber et al. 2009 ) is characterized by a lower, Calzetti-like f , which the authors cite as evidence for an additional level of attenuation toward nebular regions. Wild et al. (2011) are able to explain this effect using a strong correlation between f and sSFR, which can be physically interpreted as an inverse relationship between the age of the starburst and the degree of mixing between younger and older stellar populations.
Our results are also consistent with an empirical "double Calzetti" law (see, e.g., Charlot & Fall 2000; Wuyts et al. 2013; Price et al. 2014; Lo Faro et al. 2017) , which combines a steep Calzetti et al. (1994) attenuation curve for nebular regions at shorter wavelengths (e.g., for Balmer lines), and a shallower curve at longer wavelengths (e.g., for Paα). At longer wavelengths, the nebular color excess appears higher because the optical depth reaches unity deeper into the dusty star-forming clouds where stars form. The extra attenuation toward the most embedded clouds accounts for why ionized gas traced by Paα is closer to the canonical Calzetti et al. (2000) ratio of f ∼ 0.44.
The near-infrared recombination spectrum
In addition to strong Paα lines, we find hydrogen Brackett series lines and He I 2.059 µm and 1.869 µm doublet lines present in all LBA spectra. These lines arise from the H and He I recombination cascades in gas photoionized by star formation or other physical processes. In J2116, multiple lines have been detected unambiguously in both components, so we report results for the two separately.
Measuring line fluxes and kinematics
We measure the properties of recombination lines over a smaller aperture (∼ 0.6 , or about the size of the PSF) in order to accurately determine kinematics near the LBAs' central regions. Spectra are extracted from a 2-pixel radius aperture centered on the brightest Paα pixel as determined from the zeroth moment map. For Paα, Brδ, Br , Br10, and He I 2.059 µm, we shift spectral lines to a common velocity frame and extract the spectra between −1500 km s −1 < v < 1500 km s −1 . Br11 is observable for J0213 and J1434, but the line is also very faint, so we do not include it in our analysis. For the case of the He I doublet comprising lines at 1.869 and 1.870 µm, due to strong Paα emission at slightly longer wavelengths, we use the spectrum from −2500 km s −1 < v < 500 km s −1 . 6 For each spectral "cutout" over its limited velocity range, we estimate the median absolution deviation (MAD) and convert to a standard deviation, σ, assuming Gaussian statistics. We subtract the local continuum by taking a median Table 3 . Nebular and continuum color excesses of the (mostly) line-free channels |v| > 500 km s −1 for each spectral cutout. In Figure 3 , we show recombination lines from an example median-subtracted, dustuncorrected spectrum.
Each line is fit to a three-parameter Gaussian curve using SciPy optimization, and we sample parameter uncertainties using MCMC (the emcee package; ForemanMackey et al. 2013) with 10,000 steps (after 10,000 burnin steps). He I 1869+1870 lines are blended, so we model them jointly with a double Gaussian at a single velocity and with fixed line ratios determined by Benjamin et al. (1999) , such that only three parameters are free to vary. For Paα, we find that a single Gaussian does not always adequately fit the data, as residuals (data − model) sometimes show signs of another Gaussian component. We therefore also jointly fit two Gaussian components to Paα, and select between one-component and two-component models on the basis of a lower Akaike Information Criterion (AIC; Akaike 1974). We have implemented the following priors: (1) the line width 7 is assumed to be distributed ∼ N (FWHM Paα , [50 km s −1 ] 2 ) (i.e., centered on the Paα FWHM line width measured from the clipped moment maps in Table 2 , and with standard deviation 50 km s −1 ), and (2) the velocity center is assumed to be distributed ∼ N (v sys , [50 km s −1 ] 2 ), where v sys is the systemic velocity corresponding to the redshift. For Paα, we allow parameters of the second component to freely vary, but with only a prior on the velocity center ∼ N (v sys , [150 km s −1 ] 2 ).
7 The FWHM line width is related to the standard deviation assuming a Gaussian distribution: FWHM = 2 √ 2 ln 2σ.
In Figure 4 , we compare best-fit model recombination line components (shown in red) with the data (blue). For high-SNR lines, the Gaussian models fit the data well, and the model scatter is consistent with uncertainties in the data. Some lines are fit with considerable uncertainty, such as the fainter lines from J0212 and J2116a. For J0150, J2104, and J2116b, all available recombination lines are well-described by the model.
Hydrogen recombination lines
Best-fit line fluxes and widths are determined from the medians of posterior MCMC samples, and uncertainties from the standard deviations of these distributions. In Table 4 , we show the total recombination line fluxes. The values for Paα are different from the fluxes in Table 3, which were used for computing dust attenuation and meant to be compared directly with SDSS-measured Hα and Hβ lines (Tremonti et al. 2004) . In this case, we have fit Paα with either a single or double Gaussian line profile depending on which fit minimizes the AIC. We note again that these spectra are extracted from a 2-pixel (or ∼ 0. 6) aperture, whereas in Section 4.1, the 3 SDSS matched-aperture spectra capture ionized gas dynamics over larger fractions of the galaxies and may include the outer disk or neighboring components. The present apertures are also now centered on the Paα integrated flux maxima, rather than the continuum brightness peaks.
In Table 5 , we show the recombination line widths. We also list individual fluxes, line centers, and line widths for Paα components in order to compare dynamics. LBAs, the line width of the more luminous Paα component is similar to those of the other recombination lines. This more luminous component can be interpreted as tracing the star-forming ISM in each galaxy, with a velocity width that depends on the host's individual dynamics. The fainter component can be attributed to ionized gas being heated and driven out of the galaxy disk, perhaps by supernovae, stellar winds, or AGN feedback, albeit with different degrees of confidence for different systems. For J2104, the most Paα-luminous LBA, we find evidence for blueshifted (v ≈ −300 km s −1 ) ionized gas with significant Paα flux, consistent with expectations for an energetic outflow. For J0150, J0213, and J1434, the second Paα component has a broader line width than the first. While J2116b appears to have a bright blueshifted component, from inspecting Figure 1 , we determine that a significant portion of the redshifted emission is actually off the detector, so the asymmetric line profile is not due to any physical phenomenon.
Other works have observed intense feedback and outflows in LBA systems. For instance, Borthakur et al. (2014) use HST /COS to observe the FUV spectrum, including the Lyman continuum (LyC), of a radio-detected LBA. The authors propose that radiation and shock heating from starbursts, evidenced by P-Cygni profiles in high-ionization transitions, can ionize gaps/holes in the neutral gas. Supporting results from Alexandroff et al. (2015) demonstrate that radiation feedback and starburst-driven winds are able to excavate ionized channels of gas. This is particularly true for especially the most massive LBAs, which tend to host dominant compact objects (DCOs; such as J0150, J0213, and J2104; Heckman et al. 2011 ). However, blueshifted Lyα emission-a proxy for escaping LyC emission-was not significantly detected in J2104, despite our finding that it has the strongest evidence for extreme radiation and outflows in our sample. Instead, the Lyα velocity profile resembles that of other (more typical) high-z starforming galaxies (i.e., showing absorption and sometimes weak blueshifted emission; Shapley et al. 2003) .
In Figure 5 , we compare observations to the dust-free emissivity ratios provided by Hummer & Storey (1987) and Benjamin et al. (1999) for Case B recombination line ratios at T e = 10 4 K for hydrogen (n e = 10 3 cm −3 ) and neutral helium (n e = 10 4 cm −3 ) respectively. In the figure, fiducial hydrogen lines fluxes are normalized to the observed Brδ flux, and helium lines to He I 1869+1870. The recombination spectrum is generally not sensitive to the electron temperature or density of the ionized medium. We find that case B predictions generally agree with the data.
Br and Br10 appear to be under-luminous for J0150, J0213, and J1434, whose data otherwise seem to match the Case B models. Three possible explanations can conceivably contribute to this phenomenon. First, the Brδ flux may be overestimated due to spectral features (of unknown origin) that artificially diminish the continuum (as can be seen in Figure 4) , and thereby elevate Brδ flux. If this were indeed the case, then all lines would appear to be lowered with respect to Brδ, except Paα, which is fit using a two-component model and may include emission not captured by the other single-Gaussian fits. Second, the nebular dust attenuation as estimated from a global integration over the large aperture might be considerably lower than attenuation extracted over only the central regions. If this were the sole reason for the low Br and Br10 fluxes, then Paα, which is blueward of Brδ, should also be slightly biased low; however, we can see that this is not the case in Figure 5 . Third, night sky lines (whose corrections are evident in Figure 4 as ringing patterns in the spectra) may add noise to the line fits, although we do not see any reason why the fluxes of only Br and Br10 would be biased low.
A combination of the first and second points can explain why Paα and Brδ are apparently more luminous relative to Br and Br10 than expected for Case B recombination. Our method of estimating the continuum generally produces valid results, but it is possible that unknown absorption lines exist near Brδ. Moreover, Paα properties cannot be directly compared to those of other hydrogen recombination lines, due to the former's different fitting procedure. Finally, radial gradients in metallicity may correlate with decreased attenuation in the outer regions of the LBAs (see, e.g., Cresci et al. 2010 ). This trend can lead to underestimates of E(B − V ) in central regions, and thus to underprediction of the unattenuated fluxes of bluer lines (e.g., Br10 and Br ).
He I recombination
We can constrain the spectral hardness of ionizing radiation by comparing line ratios across the He I and hydrogen recombination cascades. Such an approach has been shown to be a useful diagnostic of the effective temperature (T eff ) of ionizing star populations (e.g., Geballe et al. 1984; Doyon et al. 1992; Doherty et al. 1995; Förster Schreiber et al. 2001; Rigby & Rieke 2004) . We predict LBA He I and H I line ratios by using Cloudy photoionization models (version 17.00; Ferland et al. 2017) , for which T eff can be an input parameter.
Our model assumes a spherical geometry of only hydrogen and helium (with solar He/H ratio) surrounding a central star with effective temperature in the range 30, 000 K ≤ T eff ≤ 40, 000 K. We also vary the logarithmic ionization parameter, −4.0 ≤ log U ≤ 0 (where U is the ratio of ionizing photon density to hydrogen density), and assume Case B recombination. For our LBA sample, we find [O III]/[O II] flux ratios close to unity (Tremonti et al. 2004) , which implies that log U ∼ −3 (see, e.g., Stasińska et al. 2015) . In Figure 6 , we present measurements and model predictions for He I/H I recombination line ratios.
We find that the He I 2059 recombination line flux is lower than expected from Case B predictions (see, e.g., Figure 5 ). In an ionized, dust-free medium, resonant pumping of the 1 1 S → 2 1 P transition via an optically thick 584 Å line amplifies the production of He I 2059 photons. However, dust attenuation and neutral hydrogen absorption in realistic nebulae reduce fluorescent He I 2059 emission (e.g., Lumsden et al. 2003) . Collisional depopulation from 2 3 S → 2 1 P and ionization fractions can also impact the production of He I 2059 photons (see Osterbrock 1989; Shields 1993 for more detailed discussions). Therefore, we do not use the He I 2059 line to constrain the effective blackbody temperature of O and B stars. For completeness, however, we still plot He I 1869+1870/Paα vs. He I 2059/Brδ in the right panel of Figure 6 .
He I 1869+1870/Paα and He I 1869+1870/Brδ flux ratios are shown in the left panel of Figure 6 . The combination of line ratios, which both increase monotonically with T eff , can be used to estimate the effective stellar temperatures. Most LBAs have T eff 40, 000 K, consistent with those of typical low-z star-forming galaxies. For J2104 and J2116b, the LBAs with highest Paα fluxes, we also infer extremely high effective temperatures (i.e., T eff > 40, 000 K for log U = −3).
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Recent works have reported that the effective temperature of newly formed stars in higher-z systems may be much higher than in the nearby Universe, with T eff ∼ 50, 000 − 60, 000 K (see, e.g., Steidel et al. 2014) . A topheavy IMF, in which the proportion of newly formed massive and high-T eff stars is higher than traditional models (such as Salpeter 1955; Kroupa 2001; Chabrier 2003) , may account for the increased T eff seen in J2104 and J2116b. A top-heavy IMF in LBGs is also consistent with theoretical work supporting the formation of very massive (> 100 M ) stars in the early Universe when few or no metals are present (see, e.g., Bromm 2013; Mebane et al. 2018) , although our LBAs have gas-phase metallicities similar to those of other z ∼ 2 − 3 LBGs 3.34 ± 0.57 0.15 ± 0.04 0.08 ± 0.04 0.06 ± 0.03 0.14 ± 0.05 0.14 ± 0.05 J2104 24.07 ± 1.57 1.03 ± 0.28 0.66 ± 0.25 0.40 ± 0.22 1.42 ± 0.29 1.96 ± 0.29 J2116a 2.05 ± 0.11 0.07 ± 0.06 0.03 ± 0.06 0.05 ± 0.05 0.13 ± 0.07 0.06 ± 0.06 J2116b 10.29 ± 1.21 0.30 ± 0.11 0.14 ± 0.10 0.21 ± 0.11 0.43 ± 0.13 0.56 ± 0.14 Note-Dust-corrected flux (10 −15 erg s −1 cm −2 ) fit using Gaussian models for each recombination line. Uncertainties have been determined through sampling using MCMC. For cases in which the central wavelengths are shifted out of the LBA spectrum, no data are shown (· · ·).
a Paα line fit using one or two summed Gaussian components.
b He I 1869+1870 blended lines fit using two Gaussians with fixed flux ratio, relative velocity, and equal line width. that exhibit enhanced nebular excitation (e.g., Strom et al. 2017) .
A related possibility is that J2104 hosts a significant fraction of massive star binaries, similar to stellar populations that are theorized to reside in high-z star-forming galaxies but are noticeably absent in typical low-z systems (see, e.g., Steidel et al. 2016) . Such massive star binaries could also help explain some of the Wolf-Rayet features found in J2104's optical spectrum (Brinchmann et al. 2008) as well as in other LBAs (e.g., Borthakur et al. 2014) . The stellar evolution of massive binaries may include an extended (∼ 100 Myr) phase during which stellar T eff can reach as high as ∼ 100, 000 K (to the point of doubly ionizing helium; Eldridge & Stanway 2012; Eldridge et al. 2017) . High-mass X-ray binaries are known to be more prevalent in distant low-metallicity systems (i.e., from deep stacks of 2−10 keV z ≤ 4 LBGs; Basu-Zych et al. 2013b) . Nearby low-metallicity LBAs are also characterized by elevated X-ray luminosity per SFR (Basu-Zych et al. 2013a) , reinforcing the possibility that high effective temperatures in our LBA sample are due to massive star binaries.
Some LBAs appear to be starburst/AGN composite systems based on optical spectral diagnostics ), and their ionization properties are elevated but not extreme for the low-redshift Universe (e.g., Cardamone et al. 2009; Bian et al. 2016) . The properties of DCOs in the centers of some LBAs are consistent with modest nuclear activity, which may also elevate T eff . In particular, there is strong evidence that J2104 hosts lowluminosity (obscured) AGN (based on X-ray detections; Jia et al. 2011) ; however, its nucleus remains undetected in very long baseline radio observations (Alexandroff et al. 2012) . It is possible to attribute the hard ionizing spectrum (T eff > 40, 000 K) and X-ray emission to an AGN, although we would then expect supermassive black hole accretion to affect He I/H I for other members of our sample (i.e., J1434 and J0150), which is not the case. Indeed, AGN in LBAs are relatively weak and do not dominate their energy output (Jia et al. 2011 ). In Section 6, we discuss warm molecular and ionized gas line ratios, which will provide further evidence that feedback from massive stars is the most important source for ISM heating in LBA systems.
[Fe II] recombination
We at least marginally detect [Fe II] 1.810 µm line emission for all LBAs except J0212. [Fe II] traces low-ionization gas, since the electronic potential is only 7.9 eV. For most nearby galaxies, [Fe II] 1.257 or 1.644 µm emission can be used to characterize shocks driven by supernovae (Oliva et al. 1989; Alonso-Herrero et al. 2003) or AGN processes in Seyfert galaxies (see, e.g., Storchi-Bergmann et al. 2009 ). We detect [Fe II] 1.810 µm at > 3 σ significance for only J0150, and at ∼ 1.5 σ for J0213, J2104, and J2116b. Due to its faintness, we do not include it in our tables and figures.
H 2 ro-vibrational spectrum
Molecular hydrogen can emit ro-vibrational lines in the NIR when heated or fluorescently excited. In local star-forming galaxies, these H 2 emission lines are often attributed to shocks driven by young stars, or to photondominated regions (PDRs) near UV radiation (or in extreme cases, in X ray-dominated regions; XDRs). Gas can be heated by collisional excitation in both PDRs and shocks (e.g., Hollenbach & McKee 1989; Wolfire & Konigl 1991) , while PDRs can also be responsible for fluorescent excitation of H 2 (e.g., Black & van Dishoeck 1987; Sternberg & Dalgarno 1989 ). The properties of warm H 2 emission are important for understanding star formation feedback and its effects on the ISM, which can impact the host galaxy's evolution. However, H 2 ro-vibrational emission lines are redshifted into the midinfrared at high redshifts, and thus remain poorly studied for traditional samples of LBGs. Our SINFONI observations provide us with the unique opportunity to measure multiple H 2 ro-vibrational lines for LBAs, and the potential to transfer this knowledge to their higherredshift cousins.
We use the same single Gaussian fitting procedure as before to measure ro-vibrational line fluxes and widths, and run 10,000-step MCMC simulations to estimate uncertainties. Extracted H 2 line fluxes and line widths are shown in Tables 6 and 7 . For the NIR recombination lines, we correct for extinction using the Calzetti et al. (2000) nebular gas prescription as described in Section 4.1, as appropriate for star-forming clouds.
The column density of molecular hydrogen in each upper ro-vibrational state is proportional to the observed line flux, and from the distribution of lines a gas excitation temperature, T ex , can be inferred. Following Beckwith et al. (1978) , we compute the column density of molecular hydrogen by measuring surface brightness I = (1/Ω) S λ dλ using a circular aperture with twopixel radius, with
where A ul is the Einstein coefficient (provided by Turner et al. 1977) and hν is the photon energy. We divide the column density by the appropriate rotational level statistical weight and compare with upper ro-vibrational level energies (as measured by Dabrowski 1984) .
We then fit a single-temperature model to the logarithmic column density and estimate uncertainties using a MCMC routine as before.
9 Our fit assumes that the H 2 gas is optically thin and adequately described by a single temperature. H 2 gas becomes optically thick at column density ∼ 10 26 cm −2 (Beckwith et al. 1978) ; our LBAs are well below this threshold (N H2 10 15 cm −2 ). Other studies have found that multiple temperatures are sometimes needed to fit the ro-vibrational spectrum (see, e.g., Krabbe et al. 2000) , especially when higher energy transitions reveal the need for a hotter component. For the range of energies probed by our SINFONI observations, single-temperature fits describe the H 2 data well. Figure 7 shows the ro-vibrational lines and best-fit models assuming a 3:1 ortho-to-para H 2 ratio (see also Sternberg & Neufeld 1999) .
The H 2 2-1 S(·) transitions can be useful for distinguishing between shocks and UV fluorescence (e.g., Black & van Dishoeck 1987) . High ratios of 2-1 S(1)/1-0 S(1) 0.1 are inconsistent with shock heating (Shull & Beckwith 1982) , while lower values may originate from shocked gas or dense PDRs (e.g., Burton et al. 1990; Hollenbach & Tielens 1997) . However, we do not detect any H 2 2-1 S(·) emission lines in our spectra. H 2 2-1 S(1) is always redshifted out of our spectral range, but the 2-1 S(3) line (and/or other bright v = 2 lines) should be detectable in at least some of our LBAs even if the v = 2 − 1 transitions are not probing even warmer H 2 . Thus, our non-detection of H 2 2-1 S(·) lines is consistent with both UV heating and shocks as origins for the warm H 2 emission.
Bright [Fe II] emission has been invoked as evidence for shocks (e.g., Moorwood & Oliva 1988; Hollenbach & McKee 1989; Oliva et al. 2001 ), but it requires extremely widespread shocks with high pre-shock densities. Maloney et al. (1996) find that observed [Fe II] emission may not require shocks after all, but may instead be straightforwardly produced in XDRs (e.g., due to irradiation from massive stars or AGN; Meijerink & Spaans 2005 ). XDR models have been able to successfully reproduce both the [Fe II] and H 2 ro-vibrational emission observed in nearby AGN. For our LBA sample, [Fe II] 1.810 µm emission lines are detected at > 1.5 σ in 4/7 spectra, which lends credence to the idea that our LBA sample's H 2 lines represent X-ray-heated gas emission. In Section 6, we will see that both [Fe II] and H 2 emission are 9 Because we have used a logarithmic scale for the column density of molecular gas, N mol , we approximate uncertainties as σ ln N mol ≈ σ N mol /N mol . This linear approximation breaks down when σ N mol N mol and may cause bad fits for low-SNR lines, but we find that our fits are qualitatively consistent with the data. faint relative to hydrogen recombination lines, supporting a scenario in which recently formed massive stars (including high-mass X-ray binaries, but not AGN) are responsible for exciting the molecular gas.
Using a sample of LBAs similar to ours (with four overlapping members), Contursi et al. (2017) (Hollenbach & McKee 1989) . Izotov & Thuan (2016) also come to the conclusion that, for a sample of low-metallicity blue compact dwarf galaxies, the dominant mechanism for exciting H 2 is fluorescence from strong UV radiation fields.
For our sample of LBAs, we find that the H 2 rovibrational emission is consistent with gas heating and line pumping from UV photons (and X-rays, in some cases). Our observations are not inconsistent with molecular shocks, but we also do not find strong evidence to warrant the invocation of shocks. Star formation-driven shocks are unlikely given the prodigious energy requirements for galaxy-wide H 2 emission. Although tidal shocks may be present for interacting or merging systems (e.g., Puech 2010; Garland et al. 2015) , LBAs' global warm molecular gas properties are not significantly different for merging and non-interacting systems. Therefore, we interpret these findings as evidence that warm H 2 gas is primarily excited in (dense) PDRs for LBAs. Therefore, we favor the Contursi et al. (2017) interpretation of PDRs near star-forming regions as the primary locus of H 2 excitation.
WARM AND COOL MOLECULAR GAS
Comparisons of H 2 ro-vibrational lines with tracers of other phases of the ISM can help improve our understanding of how multiphase gas is heated in PDRs, winds, and/or outflows (e.g., Veilleux et al. 2009; Oonk et al. 2010; Rupke & Veilleux 2013; Tadhunter et al. 2014; Thompson et al. 2016; Gaspari & Sądowski 2017; Veilleux et al. 2017; Gronke & Oh 2018) . Large variations in the mass ratios of cool molecular gas, such as the ∼ 30 K gas most easily traced by CO rotational observations, and warm gas traced by H 2 ro-vibrational emission, may support scenarios in which cool gas is dissociated and re-forms over longer timescales. Correlations between the cool/warm ratio and driving mechanism (e.g., modest star-formation vs. vigorous starbursts vs. AGN) are also informative for discriminating between models. Scoville et al. (1982) consider thermally populated warm emitting H 2 , and estimate its mass assuming op- Table 6 . Ro-vibrational line fluxes
29.3 ± 5.3 11.3 ± 4.4 31.9 ± 4.9 4.5 ± 3.6 13.1 ± 4.2 3.3 ± 3.4 −35.5 ± 6.6 J0212 0.8 ± 8.5 1.2 ± 3.6 1.1 ± 3.7 0.2 ± 17.7 1.1 ± 4.8 2.3 ± 24.4 4.3 ± 7.0 J0213 · · · · · · 24.2 ± 9.0 3.7 ± 5.8 10.2 ± 5.7 6.6 ± 8.8 5.7 ± 5.4 J1434 · · · 5.0 ± 3.5 5.0 ± 3.7 1.9 ± 5.0 1.8 ± 3.3 −1.6 ± 5.8 1.7 ± 3.0 J2104 177.7 ± 27.9 66.7 ± 27.0 168.6 ± 29.2 45.9 ± 24.7 86.4 ± 24.9 19.3 ± 23.6 39.5 ± 23.8 J2116a 8.3 ± 7.2 5.1 ± 6.9 11.4 ± 6.5 −1.8 ± 5.9 5.5 ± 5.8 −0.4 ± 5.7 1.3 ± 5.1 J2116b 41.8 ± 13.7 19.5 ± 11.6 33.5 ± 12.3 5.7 ± 9.7 11.5 ± 9.4 6.0 ± 9.8 9.5 ± 9.5
Note-Dust-corrected flux (10 −17 erg s −1 cm −2 ) fit using a single Gaussian model for each H2 1 − 0 ro-vibrational line. Uncertainties have been determined through sampling using MCMC. No data are shown (· · ·) if a line is shifted out of the LBA spectrum. Table 7 . Ro-vibrational line widths 
(5) From Figure 7 we see that T ex = 2000 K is within 1 σ of the best fits for most LBAs (although the H 2 excitation temperature is unconstrained for J0212).
In Table 8 we compare warm and cool H 2 gas masses, where cool H 2 masses are calculated using low-resolution radio observations of the CO(1-0) line (Contursi et al. 2017) , assuming X CO = 2 × 10 20 cm −2 (K km s
following Bolatto et al. (2013) . Contursi et al. (2017) detect significant CO (1-0) flux using the IRAM PdBI for four LBAs in our sample. For J0150, we have used the CO (1-0) flux obtained from CARMA observations with longer integration times (Gonçalves et al. 2014) . We determine warm H 2 masses using Equation 5. For LBAs where H 2 1-0 S(1) is redshifted out of the K-band, we compute the flux F H2 1−0 S(1) ≈ 1.9 × F H2 1−0 S(3) , where H 2 1-0 S(3) is the second-brightest observed H 2 line and the line ratio has been derived from a T ex = 2000 K ro-vibrational spectrum. J0213 appears to host the largest mass fraction of warm molecular gas, even higher than the vigorously star-forming J2104 (although the two agree to within 1 σ uncertainties). Could this indicate that a larger fraction of the molecular ISM is excited, due to either shocks or PDRs/XDRs? Both J0213 and J2104 are composite AGN/star-forming galaxies according to their emission line ratios ) using the Baldwin et al. (1981, or BPT) classification, so this seems possible. As discussed above, the LBAs likely host low-mass obscured AGNs, based on follow-up X-ray and interferometric radio observations (Jia et al. 2011; Alexandroff et al. 2012; Basu-Zych et al. 2013a) .
We compare our results with those for three prototypical low-z objects that have been well-studied in the literature: M82, a starburst galaxy; F11119+3257, a ULIRG hosting a Type 1 quasar; and IC 5063, a radio galaxy hosting a Type 2 Seyfert. Their warm and cool 
S (4) S (5) S (6) S (7) Tex = 1930 +510 300 K J2116b Figure 7 . Dust-corrected column density normalized by level degeneracy for H2 v = 1 upper rotational levels plotted against energy in temperature units (color). A single bestfit excitation temperature (Tex) is also plotted (in black) for each LBA component aside from J0212, whose ro-vibrational spectrum lacks high enough SNR to fit a temperature profile. Note-Total warm and cool H2 masses and mass ratios shown for our sample of LBAs and three nearby objects. For J1434, we show H2 derived from only its main component, and also from the sum of its main and companion as described in Section 6.3. (a) In some cases, H2 1-0 S(1) is unavailable, so we approximate the S(1) line flux with the S(3) flux using the method described in the text. Measurements are taken from (b) Gonçalves et al. (2014) , (c) Contursi et al. (2017) , (d) Tadhunter et al. (2014) , (e) Morganti et al. (2013) , (f) Veilleux et al. (2009) , (g) Walter et al. (2002) , (h) Rupke & Veilleux (2013) , and (i) Cicone et al. (2014) .
molecular masses are shown in Table 8 . For each system, we report the total CO-derived cool H 2 mass; although it is possible to separate a broad CO component from a rotating disk for these nearby, bright, and well-resolved systems, we show the global masses in order to facilitate comparisons with our LBA sample. Cool H 2 masses have been estimated using a Galactic CO-to-H 2 conversion factor, α CO , for IC 5063 (Morganti et al. 2013) . A ULIRG-like α CO factor is appropriately adopted for F11119+3257 (Cicone et al. 2014) , and a combination of starburst and Galactic α CO factors are used for different gas components of M82 (Walter et al. 2002) . We find that IC 5063 best matches the LBA sample in terms of warm/cool H 2 mass ratio. It is worth noting that the ionized gas (Brγ), warm molecular gas (H 2 1-0 S(1)), and cool molecular gas (CO(2-1)) components of IC 5063 are each kinematically distinct (Tadhunter et al. 2014) , not unlike the multiphase gas components in our own sample. IC 5063 is also notable among our three comparison objects in having a morphologically early type, in which one might expect star formation and thus warm gas to be centrally concentrated; moreover, it hosts a Type 2 AGN (which may be found in some of our LBAs). Whether feedback in LBAs is due to compact starbursts or to obscured AGN, the energetic photons are expected to originate from near the galaxy's nucleus. For M82, which is undergoing a galaxy-wide starburst driving a large-scale wind, and F11119+3257, in which a merger-induced starburst is likely contributing to strong H 2 emission across the system, the global warm-to-cool molecular gas mass ratios may be elevated in a way that is only the case for the center of IC 5063.
RESOLVED NEAR-INFRARED LINE RATIOS
We jointly fit the continuum and all recombination and ro-vibrational lines in the NIR spectra using the same methodology as in Section 4, except now at every pixel and with only a single Paα Gaussian component.
10 From Figure 8 , we can compare spatial distributions of continuum, Brδ, He I, and H 2 line ratios relative to Paα. Paα moment map contours are also included for visual comparison. We have masked the edge pixels in all maps, and also applied a 2 σ cut in Paα flux to all line ratio maps to prevent noisy pixels from cluttering the plots.
For H I recombination, we choose to show Brδ rather than another Brackett series line because it generally has the highest SNR and best-determined fit parameters (see Figure 4) . For the He I/Paα ratio, we fit lines using a fixed He I 1869/He I 2059 ratio assuming Case B recombination. For H 2 , we fit 1-0 S(1), S(2), S(3), and S(5) ro-vibrational lines assuming a T ex → ∞ thermally populated spectrum (i.e., we are effectively averaging all of the lines using a 3:1 ortho-to-para ratio in order to maximize the SNR), and plot a single H 2 1-0 S(·)/Paα ratio. 11 their average flux ratios correspond to log(H 2 /Paα) = −1.5 for the LIRG sample, and log(H 2 /Paα) = −2.1 for the ULIRGs. For a subsample of these galaxies, Colina et al. (2015) Benjamin et al. (1999) Case B calculations. The molecular hydrogen 1 − 0 S(1), S(2), S(3), and S(5) lines are jointly fit using the same line widths and with fluxes determined from degeneracies and (unphysical) Tex = ∞, which was chosen to maximize signal-to-noise ratio. These maps have not been corrected for dust attenuation.
For our LBA sample, [Fe II] 1.810 µm emission is faint and generally not detected aside from near the Paα peaks, so we do not show it in Figure 8 . We measure positive [Fe II] 1.810 µm emission at > 1.5 σ significance for J0150, J0213, J2104, and J2116b. For the central regions of these systems, we find log([Fe II] 1.810 µm/Paα) ∼ −1.7. Despite the large uncertainties, we find that [Fe II] is too low relative to Paα for supernovae or AGN to be its primary excitation mechanism (e.g., using the line ratios described by Colina et al. 2015 , which are also similar to the results from Riffel et al. 2013 ). Our well-detected H 2 /Paα line ratios reinforce this conclusion: overall, we find that log(H 2 /Paα) −1.5, which is in the locus for young, star-forming regions. LBAs are also similar to other nearby star-forming galaxies in terms of H 2 /Paα (albeit with lower ratios than for nearby starbursts with shock excitation; e.g., Puxley et al. 1990 ). Therefore, ISM excitation/heating in our sample of LBAs is most impacted by feedback from massive, recently formed stars.
Radial gradients in line ratios
For J2104 (and to an extent, the other LBAs), H 2 /Paα line ratios are depressed toward the Paα emission peak, relative to their values farther from the peak. We would naively expect Paα and H 2 /Paα to be anticorrelated, but there is an additional more subtle effect at play here. Specifically, we have only fit single Gaussian profiles to both lines, which may adequately describe the fainter H 2 emission (whose broad wings are low in flux, and therefore do not matter much to the model) while failing to fit the brighter Paα line (whose broad wings force strong constraints on the Gaussian model parameters), such that the single-component Paα flux is overestimated. Precisely for this reason, we have used double Gaussian models to measure the total Paα flux in our previous analysis (e.g., in Section 4.2). We also considered fitting the H 2 lines pixel-by-pixel using two-component models, but discovered that the other lines are too faint/noisy to be adequately fit with multiple Gaussians.
Given these difficulties, we avoid comparing line flux ratios for the centers of LBAs, where broad ionized gas components contribute the most to Paα flux. We thus interpret the line ratios shown in Figure 8 conservatively. For example, there is an apparent dip in H 2 /Paα toward the center of J2104, but we attribute this to the broad, Paα-bright wind that we have reported in Section 4.2. We also find that Brδ/Paα and He I/Paα exhibit similar depressions toward the LBAs' central regions, although the effect seems to be less pronounced.
A high H 2 /Paα ratio for peripheral regions of J2104 may indicate that heated molecular gas is prevalent in its outskirts. It is possible that the ISM conditions are similar to those of the spatially offset H 2 /Paα peak in J1434, which we discuss in detail in Section 6.3. For the other LBAs, H 2 emission is detected throughout the star-forming, Paα-bright nucleus, but we find no gradient in the H 2 /Paα line ratio once we account for broadline ionized gas components.
Evidence for merger-driven shocks?
The distribution of H 2 1-0 ro-vibrational emission in J1434 is concentrated toward the northwest source where the Paα line is weak. Near the location of the northwest H 2 /Paα peak, we also find a stellar continuum peak. For the more luminous central Paα source in J1434, the H 2 lines are only weakly detected, implying that its higher rate of star formation may have dissociated H 2 . We find log(H 2 /Paα) ∼ −2 for the Paα-bright nucleus, and log(H 2 /Paα) ∼ −1 for the companion system (which is unusually high). It is possible that the bright Paα-emitting source is powered by intense star formation activity, while its neighbor to the northwest is affected by AGN, supernovae, or tidal shocks. Unfortunately, H 2 /Paα cannot uniquely identify the dominant sources of this excitation. Colina et al. (2015) use [Fe II] emission to break this degeneracy for their sample of local LIRGs and Seyferts, but we are unable to detect the [Fe II] line at high significance for either component in J1434. We place 3 σ upper limits of log([Fe II] 1.810 µm/Paα) < −1.4 for the main system, and < −0.8 for the companion. These line ratios imply that the Paα-bright system is mostly excited by young stars; for the H 2 -bright companion, low-SNR line ratios are consistent with all excitation mechanisms. We propose that the enhanced H 2 emission in the companion is triggered by merger-driven tidal shocks.
We fit Gaussians to the Paα and H 2 lines for both spatial components, and show the smoothed profiles in Figure 9 . The H 2 lines in both locations have comparable excitation temperatures consistent with 2000 K. We find that, although the H 2 1-0 S(3) flux toward the companion is higher ((4.5 ± 1.5) × 10 −17 erg s −1 cm −2 µm −1 ) than toward the main system ((2.8 ± 1.7) × 10 −17 erg s −1 cm −2 µm −1 ), the Paα emission from the northwest companion is lower.
SIMILARITIES BETWEEN LBAS AND HIGH-REDSHIFT GALAXIES
LBAs have moderately strong ionizing spectra, such that they resemble typical z ∼ 2 star-forming galaxies. Our sample of LBAs are somewhat dustier than those in previous studies, but are otherwise similar. We find that they can drive outflows/winds, implying that the neutral gas is somewhat porous even when dust covers the nebular regions (e.g., Borthakur et al. 2014) . At least one LBA with strong Paα and He I emission is marked by high blackbody effective temperatures (T eff > 40, 000 K). One possible origin of hot stellar populations is an excess of massive star binaries, which would be consistent with enhanced nebular excitation in high-redshift galaxies based on optical spectroscopy (Steidel et al. 2016; Strom et al. 2017 ) and X-ray stacks (Basu-Zych et al. 2013b ). AGN activity is another possible contributor to the high T eff , particularly for the higher-mass LBAs that host DCOs, although its effects are subdominant to star formation feedback ). In general, LBAs are classified as starforming or BPT composite systems, and the presence of AGN can sometimes be verified by very long baseline radio interferometry. However, no compact radio continuum emission is detected in the LBA with the most extreme ionization properties (J2104; Alexandroff et al. 2012) , leading us to surmise that its X-ray emission may be due to a combination of weak/obscured nuclear activity and high-mass X-ray binaries (Jia et al. 2011) . Overall, there is considerable diversity in the correlation between compact radio emission, X-ray emission, excitation properties, and presence of a DCO in LBAs: J0150 and J1434 are detected in X-rays (and J0150 in radio) but have ionization properties otherwise typical of low-z star-forming galaxies, J0213 has a DCO but does . Paα (solid ) and H2 ro-vibrational lines (dashed ) for J1434. We show spectra from the main system (left, z = 0.180) and companion (right, z = 0.181), extracted over two-pixel apertures centered on their respective stellar light peaks and shifted to the same velocity frame. The ratios of H2 to Paα are clearly different for the main source and its companion. We have smoothed all spectra using a Gaussian filter with σ = 1 channel for visualization purposes only. 1 σ uncertainties for the H2 lines are shown in the upper right, and the shaded region represents the smoothed spectral resolution. Note also that H2 1-0 S(1) does not lie within our spectral range so it is not shown here.
not show signs of enhanced excitation, and J2104 has no radio emission but hosts a DCO and is characterized by anomalously high He I/H I ratio. LBAs also have significant warm molecular gas reservoirs that are heated to ∼ 2, 000 K in dense PDRs (rather than shocks; e.g., Contursi et al. 2017) . NIR line ratios are consistent with feedback from massive stars as the primary excitation source, which supports the interpretation that warm H 2 in LBAs traces PDRs nearby star-forming regions. In one system, we observe excess H 2 emission in an interacting companion, which may be evidence of tidal shocks. In general, LBAs should be thought of as star-forming galaxies that are assembling disks (evidenced by kinematics), and subject to strong but not catastrophic feedback, similar to distant LBGs and other typical high-z star-forming galaxies in the same mass range. At least some of the detailed differences between objects in our LBA sample (see above) may reflect diverse recent histories of dynamical interactions.
CONCLUSIONS
We have obtained ∼ 0.7 resolution integral field spectroscopy for a sample of six UV-bright galaxies at z = 0.1 − 0.3 selected from the Heckman et al. (2005) SDSS sample, which resemble high-redshift Lyman break galaxies in terms of SFRs, stellar masses, metallicities, and rest-frame UV sizes. Physical conditions in their ISMs are comparable to those of typical z ∼ 1 − 2 star-forming galaxies. We therefore consider our sample to be low-redshift Lyman break galaxy analogs (LBAs). One LBA system, J2116, consists of two bright sources with rotating gas disks.
LBAs also share similarities to high-z LBGs and starforming galaxies in terms of their kinematics and dust attenuation properties. By analyzing their hydrogen, helium, [Fe II] , and H 2 ro-vibrational emission lines, we are able to probe the physical processes that heat and excite the multiphase gas in LBAs. For our sample of relatively massive and dusty LBAs, star formation is primarily responsible for exciting warm H 2 in dense PDRs, although feedback from obscured AGN and merger-driven shocks may be subdominant contributors to ISM heating in some systems. These feedback processes are capable of producing outflows and large gas velocity dispersions. Overall, we find that LBAs exhibit strong but not overwhelming feedback, similar to typical star-forming galaxies at high redshifts.
We list our detailed conclusions below:
1. Using the Paα line, we have traced the kinematics of the ionized gas and produced moment maps. We measure inclination-corrected ordered velocity-todispersion ratios v/σ ≈ 1.8 − 2.2 from moment maps, and ∼ 1.2 by kinematically modeling the 3d data cube. We find values that are much lower than typical v/σ for low-z star-forming spirals, similar to other LBA (Gonçalves et al. 2010 ) and LBG (Wisnioski et al. 2015) samples. Mean velocity dispersions in the LBA sample are very high: σ = 75 − 90 km s −1 , depending on how they are measured.
2. We use Hα, Hβ, and Paα line ratios to measure the nebular color excess under the assumption of a Calzetti attenuation curve. For our sample, we derived nebular color excesses E(B − V ) neb = 0.26 ± 0.04, 0.32 ± 0.11, and 0.35 ± 0.17, using the Hα + Hβ, Paα + Hβ, and Paα + Hα line ratios, respectively. The average continuum-tonebular color excess ratio changes as a function of the optical depth (or recombination line) used to probe H II regions. The observed attenuation is consistent with a well-mixed model of ionizing and non-ionizing stars (e.g., closer to a single effective screen) when we use only the bluer Balmer lines. The color excess ratio probed by Paα is more similar to a lower, Calzetti-like ratio of continuum-tonebular extinction, f = 0.44, indicating an extra layer of attenuation toward nebular regions.
3. We detect Brackett series hydrogen recombination and He I helium recombination lines at 1.869+1.870 µm (blended) and 2.059 µm. We model the effective blackbody temperature of an ensemble of young stars and the ionization parameter log U and compare with ratios of the Paα, Brδ, He I 1869+1870, and He I 2059 lines. We find that most objects in our sample are consistent with 32, 000 K < T eff < 40, 000 K and log U = −3, with the three strongest Paα emitters also characterized by the highest average effective blackbody temperatures. J2104 appears to require a higher T eff , which, in conjunction with its broad Paα line width, may be evidence of an AGN, a top-heavy IMF, or the presence of massive (X-ray) binaries.
4. We measure dust-corrected H 2 1-0 S(1) through S(7) ro-vibrational line fluxes and widths. We find T ex ∼ 2000 K single-temperature H 2 gas reservoirs, non-detection of H 2 2-1 S(·) lines, and faint [Fe II] emission lines in some cases. Our new results reinforce previous evidence (e.g., Contursi et al. 2017 ) that H 2 ro-vibrational emission lines in LBAs originate from UV-and/or X ray-irradiated dense PDRs rather than shocks.
5. We use H 2 line fluxes to estimate the mass of the warm molecular ISM. The global warm molecular masses range from (1.8 − 38) × 10 3 M . Warm-tocool H 2 mass ratios range between (6.2 − 15.1) × 10 −7 . When compared with nearby prototypes of a galaxy-wide starburst, Type 1 quasar, and Type 2 Seyfert, the LBAs most closely resemble the third, indicating that their H 2 properties may be similar to those of an obscured AGN.
6. We fit the spectra at every pixel for each LBA, allowing for investigation of the spatially resolved distributions of stellar continuum, ionized gas (using helium and multiple hydrogen lines), and warm molecular gas. We measure log(H 2 /Paα) −1.5 for most regions in the sample, and faint [Fe II] emission, which are consistent with massive, recently formed stars as the primary sources of excitation for the nebular gas. The observed line ratios rule out AGN or supernovae as dominant sources of feedback in the centers of LBAs. For J1434, H 2 /Paα in its northwestern companion source is anomalously strong, which can be interpreted as evidence for merger-driven shocks.
These results blaze a trail for future rest-NIR observations of z ∼ 3 LBGs in the James Webb Space Telescope era, which will allow us to assess how far we can extend the analogy with LBAs in terms of the latter population's diverse but overlapping properties.
